Early detection of Pacific oyster spat infected with ostreid herpesvirus 1 (OsHV-1) could prevent introduction of OsHV-1-infected individuals into farming areas or onshore rearing facilities, thus reducing the risk of infection of naïve oysters in such production systems. Experiments were conducted on several hundred oyster spat provided by producers in order to examine whether early rearing practices could be considered as potential risk factors for (1) OsHV-1 infection as detected by molecular methods and (2) spat mortality experimentally induced through thermal challenge. Spat groups collected on oyster beds and hatchery spat reared in growout areas during summer exhibited higher viral DNA contamination and mortalities during the trial than spat kept in onshore rearing facilities. Quantification of viral DNA before and during the trial showed that infection prevalence and intensity changed over time and revealed latent infection initially unsuspected in 3 of 10 groups. Thermal challenge induced a clear increase in the probability of detecting infected individuals, particularly for groups exhibiting significant prevalence of OsHV-1-contaminated spat prior to the challenge. The use of detection methods are discussed in relation to early rearing practices and disease control strategies.
I. Introduction
power plant in US. In France, the association between a herpes-like virus and oyster 48 mortality was reported for the first time in the early 1990s in hatchery-reared C. gigas larvae 49 (Nicolas et al. 1992 ). Molecular studies then allowed to characterize the viral genome and to 50 confirm that the virus, named Ostreid herpesvirus 1 (OsHV-1), belongs to the 51 Malacoherpesviridae family (Davison et al. 2009 ).
52
In 2008, heavy mortalities hit Pacific oyster spat in all French production sites during the 53 spring and summer (Dégremont 2011 , Pernet et al. 2010 , 2012 , resulting in 50 to 100% spat 54 losses depending on site, origin of spat and rearing practices. The death rate declined over (Segarra et al. 2010, 58 Renault et al. 2012). Experimental challenges, made via the injection of viral particles or 59 cohabitation of healthy oysters with symptomatic individuals, confirmed the high 60 pathogenicity of OsHV-1 µVar (Schikorski et al. 2011a & 2011b which is 61 now considered the most probable causative agent of spat mortalities in France. Severe 62 disease events associated with OsHV-1 were also reported in 2009 in Ireland (Peeler et al. 63 2012) and 2010 in Australia and New-Zealand (Jenkins et al. 2013) , suggesting that this virus 64 is becoming a global problem for Pacific oyster culture. 65 To face this threat, producers and other stakeholders soon made clear their desire to reduce 66 the spread of the disease. As there are no effective vaccines or treatments, health management strategies were based primarily on risk reduction through the restriction of 68 oyster stock transfers between sites during summer months, at both regional and national 69 scales (Murray et al. 2012) . In parallel, different research teams intensified their efforts to 70 gain knowledge of epidemiological aspects of oyster spat mortality (Peeler et al. 2012), and 71 to develop more accurate and cost-effective molecular tools for the detection of infected 72 individuals (Martenot et al. 2010) . These tools are now routinely employed for the early 73 detection of infectious sources, aiming at excluding OsHV-1 infected spat from growout 74 areas to reduce infection risk. 75 Several methods are now available to detect OsHV-1 or to estimate viral loads in biological 76 samples: light microscopy and electron microscopy (Renault et al. 1994) , and molecular 77 methods such as in situ hybridization (Arzul et al. 2002) , PCR (Renault et al. 2000b ) and qPCR 78 (Pepin et al. 2008 , Martenot et al. 2010 . A novel method based on thermal challenge in the 79 lab was also developed to detect latent infections. Thermal challenge consisted of exposing 80 a sub-sample of previously infected oysters to conditions that mimick field conditions in 81 which mortality events occur. The method was inspired by previous work that identified 82 temperature as a trigger for virus replication (Burge et al. 2006 ) and was first described in 83 Petton et al. (2013) . This protocol is currently considered the standard method for revealing 84 latent infection in asymptomatic spat, although it could appear less specific than classical 85 diagnostic tools based on molecular methods due to the fact that temperature could also 86 trigger the replication of other pathogens (Petton et al. 2013 ).
87
Early detection of OsHV-1 is challenging. As with other members of Herpesvirales order 88 (Jones 2003) , this virus may persist in its host after the primary infection, entering into a 89 latency stage (Arzul et al. 2002) . The seasonality of mortality outbreaks in spat and virus 90 detection in relation with seawater temperature variation also suggests that OsHV-1 is able 91 to reactivate from latency and that this is triggered by temperature increase (Le Deuff et al. In this paper, we report an experimental study conducted to determine the evolution of 96 OsHV-1-infection in different spat populations, in relation to potential risk factors. We 97 employed different batches of young oysters (<1 year) from various origins and histories.
98
Three methods for detection of early OsHV-1 infections were investigated: 1) qPCR immediately upon delivery of the spat, 2) mortality in thermal challenge and 3) qPCR during 100 thermal challenge. 2) The effect of rearing in the intertidal area effect was tested within hatchery groups 173 by contrasting exposed (reared in the intertidal area) and unexposed (never reared in 174 the intertidal area) groups; 175
3) The effect of rearing in the intertidal area during summer was tested within groups 176 reared in the intertidal area, by contrasting exposed (reared in the intertidal area 177 during summer) and unexposed (not reared in the intertidal area during summer) 178 groups.
179
To this end, we used logistic (univariate) regression to fit models and estimate relevant odds 180 ratio (OR) and 95% confidence intervals (CI analysis to model nested effects. We also tested for these effects on observed frequency-by-
193
OsHV-1 classes using the Chi-squared test. Rearing in the intertidal regions appeared to have a great influence on the probability of 229 detecting OsHV-1 upon delivery of the spat (Table 2) . Among the 2 groups 3 and 5 (96 spat each) that were never reared in the intertidal area, no individual was found to be positive for 231 virus. Individuals not exposed in the field during summer, or (to a lesser extent) coming from 232 the hatchery, were also less likely to be positive for virus upon delivery ( Table 2 ). The 233 probability of detecting individuals infected by the virus increased from 2% to 14% when 234 comparing hatchery-produced spat kept in on-shore facilities during summer versus those 235 placed in the field. The Odds-Ratio (OR) for "rearing in the intertidal area during summer" 236 effect was estimated to be 6.5 (95% CI, 2.9-16.1). In parallel, initial prevalence estimated by 237 qPCR increased from 6 to 12% when comparing oyster seed from natural settlement instead 238 of hatchery production, and the relevant OR was 2.1 (1.3-3.44) ( Table 2 ).
239
Among the groups that were maintained in the hatchery during summer, mortalities during 240 thermal challenge were less than 2%, suggesting that they were preserved from infection.
241
Conversely, rearing in the intertidal area during summer, and, to a lesser extent, the use of 242 natural spat collected in the field, sharply increased mortalities during thermal challenge 243 (Table 2 ). For these two potential risk factors, estimated ORs were 32.9 (23.1-48) and 6 (5.3-244 6.9), respectively. Risk ratios indicated a 22.4-fold increase of the probability of dying during 245 thermal challenge when hatchery seeds where reared in the intertidal area during summer, 246 or an increase of 3.7-fold for spat from natural settlement compared with hatchery-247 produced spat.
248
The probability of detecting OsHV-1 during thermal challenge follows the same trend as that 249 for mortality (Table 2 ). Mean prevalence estimated by qPCR was around 15% and did not 250 appear to be significantly affected by rearing in the intertidal area, however rearing in this 251 region during summer significantly increased the probability of detecting OsHV-1 from 15 to 252 47%, with a corresponding OR of 5 (1.6-15.4). Spat from natural recruitment were also more 253 likely to be positive for the virus than hatchery seed. An estimated 6% of the oysters from 254 hatcheries were found to be infected after 3 weeks of thermal challenge, whereas 12% of 255 natural spat were. The OR for origin effect was estimated to be 3.8 (1.8-8.1). 
263
The effect of mean individual mass on OsHV-1 detection at the time of delivery of the groups 264 appeared only marginally significant (P > 0.05) ( constitute one aggravating factor for oyster seed mortalities.
379
In our study, OsHV-1 contamination of spat batches was found to be frequent, as viral DNA contamination of spat groups appears to be currently widespread.
386
Conversely, risk factor analysis suggested that early rearing practices that limit exposure to 387 the field also reduce the probability that OsHV-1 infection will subsequently develop if spat In general, our results lead to the obvious conclusion that the use of large-sized spat from 397 hatchery productions, nurseried in onshore facilities, would likely diminish the probability of 398 disease outbreaks in closed production systems. The same recommendation could be made studies (Schikorski et al. 2011a and 2011b) , that ranged from 10 4 to 10 6 VGU ng -1 .
421
The latency-reactivation cycle has been extensively studied for herpesviruses infecting 
